Clinical prediction algorithms are used to differentiate transient synovitis from septic arthritis. These algorithms typically include the erythrocyte sedimentation rate (ESR), although in clinical practice measurement of the C-reactive protein (CRP) has largely replaced the ESR. We evaluated the use of CRP in a predictive algorithm.
Several algorithms have been proposed to assist in differentiating between septic arthritis and transient synovitis of the hip in children. [1] [2] [3] [4] [5] [6] This distinction is crucial as the natural history, and hence treatment, of the two diseases differs greatly. Whilst transient synovitis is a benign condition with little potential for long-term serious damage, septic arthritis can lead to a poor outcome, particularly if the treatment is delayed. 7 Kocher, Zurakowski and Kasser 1 initially described several variables to aid in the differentiation of these conditions: temperature > 38.5°C, inability to weight-bear, erythrocyte sedimentation rate (ESR) > 40 mm/hr and peripheral white blood cell count > 12 000 cells/mm 3 . However, in these conditions ESR has largely been replaced by estimation of the C-Reactive Protein (CRP). 8 CRP is an acute phase reactant, which has a more rapid response to disease than ESR. It is influenced less by external factors and its measurement requires a smaller blood volume. In a further validation study by Kocher et al 3 it was acknowledged that CRP had benefits over ESR, yet they were unable to include this parameter owing to their lack of necessary data. Whilst some studies have included CRP in prediction models this has been in combination with ESR. 4, 6 In our centre we frequently make decisions in differentiating transient synovitis and septic arthritis based on the use of CRP without consideration of ESR.
This study was designed to assess the use of CRP in a clinical prediction algorithm to differentiate transient synovitis and septic arthritis, based on the framework suggested by Kocher et al. 
Patients and Methods
A review was undertaken of the records of all patients under the age of 16 years presenting with an acute, new-onset, atraumatic limp or hip pain between January 2004 and October 2009. All patients underwent an ultrasound evaluation of the hip as part of a protocol to investigate the 'irritable hip'. Neonates were excluded.
Demographic data, clinical examination, haematological parameters and ultrasound
findings in all patients were recorded. Only patients with a proven effusion were included in the analysis. Patients with a diagnosis other than transient synovitis and septic arthritis were excluded.
In all, a total of 735 hips underwent ultrasound examination during the study period. However, several patients were excluded as a clear cause for limp or hip irritability was identified. Those excluded involved two patients with discitis, one with an aneurysmal bone cyst, two with juvenile rheumatoid arthritis, fourteen with Perthes' disease, six with a fracture of the femur, one with a fracture of the fibula, one with neurological disease, seven with other rheumatological diseases and 21 with non-hip-related infection, which included ischial osteomyelitis, proximal femoral osteomyelitis, sacroiliac sepsis, fibular osteomyelitis, piriformis pyomyositis, cellulitis, and septic arthritis at the ankle and knee. Accordingly 680 patients remained after exclusions, of whom 311 had an effusion of the hip on ultrasound and therefore formed the study group (217 males and 94 females with a mean age of 5.3 years (0.2 to 15.1)).
Each of the following findings were considered to be significant: a temperature taken in the emergency department of > 38.5°C, an inability to bear weight or inability to move the leg in children of non-weight-bearing age, a white blood cell count of more than 12 000/mm 3 (12.0 × 10 9 cells/l), and a CRP level of > 2.0 mg/dl (> 20 mg/l).
The treating clinician determined the need for intervention on the basis of the clinical findings and results of investigations. If septic arthritis was considered likely an arthrotomy was undertaken. Fluid was taken for culture and antibiotics commenced. If a diagnosis of transient synovitis was considered more likely, patients were managed by simple observation and analgesia. If resolution of symptoms occurred and normal gait was restored, patients were considered to have experienced a confirmed episode of transient synovitis. If, however, symptoms deteriorated these patients also underwent arthrotomy and antibiotic therapy for presumed septic arthritis.
Those patients who were treated with arthrotomy and antibiotics were further investigated to determine if there was truly septic arthritis. Septic arthritis was defined on the basis of synovial white cell count and culture. Patients with either a positive culture of the hip aspirate, or with a microscopic abundance of white cells (++ or more per high power field) within the hip aspirate were deemed to have septic arthritis. Those without such positive findings were deemed to have transient synovitis. Statistical analysis. Stata10 statistical package (StataCorp LP, College Station, Texas) was used for the statistical analysis. Univariate analysis assessed the significance of each of the key variables (temperature, weight-bearing status, CRP and peripheral white blood cell count) using Fisher's exact test. All variables remained significant and were entered into a multivariate model using logistic regression to allow comparison with previous studies. A p-value of < 0.05 was considered to be significant. A probability table was constructed based around the algorithm for each permutation of variables. Stepwise logistic regression was then completed to select the best-fit model based upon the variables, and a further probability table was constructed.
Results
Of the 311 patients, 42 (13.5%) underwent arthrotomy of the hip for suspected septic arthritis. The remaining 269 (86.5%) resolved without requiring antibiotic therapy or operative intervention and were considered to represent transient synovitis. No patient in the ultrasound negative group required subsequent treatment for septic arthritis. These patients all made a complete spontaneous recovery with no sequelae at three months follow-up.
Of the 42 patients treated as septic arthritis, 29 met the criteria for confirmed septic arthritis. Organisms were isolated from the hip aspirate in 18 patients (Table I ) and a further 11 were classified as septic arthritis based on the white cell count of the synovial fluid. In 13 patients, microscopy and culture of synovial fluid was negative, and were accordingly assigned to the transient synovitis group, giving a total of 282 patients classified as having transient synovitis of the hip (Fig. 1) .
The results are outlined in Table II . Univariate analysis conducted on these patients demonstrated that all of the variables were significant with p < 0.001. CRP appeared the best single predictor of septic arthritis (odds ratio (OR) = 81.9 (95% confidence interval (CI) 7.8 to 120.3) and temperature the second best single predictor of septic arthritis (OR = 53.3 (95% CI 3.7 to 58.7)) (Table III) . Four-variable predictive model . In order to compare with previous studies, all variables were taken forward to a multivariable model using logistic regression analysis. The Hosmer-Lemeshow statistic 9 demonstrated no significant departure from a good fit model (p = 0.09). Independent associations of peripheral white blood cell count and temperature were eliminated on multivariate analysis. CRP remained the most significant independent predictor of septic arthritis (Table IV) . A probability algorithm was created (Table V) . When none of the predictors was present the probability of septic arthritis was < 1% and when all the predictors were present the probability of septic arthritis was 87%. Assuming a p-value > 0.5 to indicate septic arthritis, the model correctly classified 94.8% individuals with sensitivity of 75.9%, specificity of 96.8%, positive predictive value of 71.0% and negative predictive value of 97.5%. Two-variable predictive model. Not all of the factors remained significant within the regression model owing to close relationships between the variables; the measurement of CRP and peripheral white blood cell count may be measuring a similar process and therefore the relative strength of CRP removes the importance of the white cell count.
Stepwise logistic regression was used to eliminate variables with such relationships (p < 0.2) ( Table VI) . The HosmerLemeshow statistic demonstrated no significant departure from a good-fit model (p = 0.17). A further probability algorithm was created (Table VII) ; fitting the model to our dataset (assuming p > 0.5 indicated septic arthritis) demonstrated identical efficacy to the four-variable model.
The results demonstrate that CRP is a strong predictor of septic arthritis, and its inclusion within a model eliminates the significance of other variables. Additional precision may be gained from adding more variables into the diagnostic model, but this did not alter the sensitivity or specificity when applied to our dataset.
Discussion
Prediction algorithms were introduced to simplify clinical medicine, being first widely used to manage myocardial infarction. 10 The purpose of algorithms in clinical medicine is to identify key factors that guide the clinician to the appropriate diagnosis.
Kocher et al 1 demonstrated an ability to differentiate between transient synovitis and septic arthritis using a fourvariable model with a predictive probability of septic arthritis of 99% when all four variables were positive. Subsequently prospective internal validation demonstrated that the probability of septic arthritis fell to 93%. 3 External validation has been less successful with Luhmann et al 2 showing only a 59% probability of septic arthritis when all four variables were present.
The benefit of CRP in identifying septic arthritis was proposed by Levine et al 11 who measured CRP in 133 patients with an effusion in any joint, of which 39 were classified as septic arthritis. CRP proved a better independent predictor of disease than ESR. Consequently Jung et al 6 created a prediction model to include ESR, CPR, white cell count, temperature and size of the radiological joint space. They identified patients with atraumatic hip pain in whom plain radiographs were normal and classified them into 'septic arthritis' or 'not septic arthritis' groups. They also found that CRP appeared a better predictor of septic arthritis, though the definitions of both transient synovitis and septic arthritis were poor.
Caird et al 4 updated the model of Kocher et al 1 to include both CRP and ESR, suggesting a 97.5% predictive value in a five-variable model but that study included very few cases of transient synovitis (n = 14). A recent external validation study of the model of Caird et al 4 showed a predictive probability of just 59.9% with all five variables, 5 although again the number of cases of septic arthritis within the validation study was small (n = 5).
No existing algorithms recognise the trend to using the CRP in place of ESR. CRP is a reproducible, direct and quantitative measure of the acute phase reaction, unlike ESR, which is an indirect measure of inflammation that may be influenced by factors such as temperature, age, gender, steroid medication and non-steroidal anti-inflamma- tory drugs. 12 The CRP rises early in sepsis with abnormal results evident within six hours of onset, whereas ESR has a more intermediate response to inflammation. 13, 14 CRP is being used instead of ESR because of its increasing availability, reduced cost and smaller blood volume requirement, which is of particular importance in children.
We have demonstrated that CRP is an important independent risk factor for septic arthritis. Furthermore its addition to the regression model reduced the significance of other variables owing to its relative strength. This facilitates the construction of a more simplified prediction algorithm based upon only two variables (weight-bearing status and CRP > 20 mg/l). These two variables alone offer a 74% predicted probability of septic arthritis. If both weight-bearing status and CRP were negative the predicted probability was < 1%.
A number of studies have evaluated algorithms for differentiating between septic arthritis and transient synovitis (Table VIII) . One of the most important differences between these studies is the proportion of cases of septic 6 did not confirm if those with transient synovitis were positive for effusion, and therefore they may not truly represent transient synovitis. We believe that our results are the most inclusive as our study included all cases of ultrasound-confirmed transient synovitis and septic arthritis presenting to our institution. The septic arthritis: transient synovitis ratio of 0.1 in our study appears to represent broadly the case mix within our tertiary level unit. Acknowledging such differences is important as the size of the odds ratios may be different based upon the source population. We believe our prediction rule is therefore applicable to patients from entry into the emergency department, and hence the most universally applicable to date. As with other studies, prospective external validation is ultimately required to confirm these findings.
We acknowledge our study differs from that of Kocher et al, 1 Caird et al 4 and Luhmann et al 2 because a large proportion of our patient group were treated without aspiration of the hip. This means that no formal confirmation of an aseptic joint exists in the majority of our transient synovitis group. It is largely through the work of groups such as Kocher et al [1] [2] [3] [4] that we now rarely perform invasive tests and are able simply to observe such patients to complete resolution of symptoms. Our study is also limited in its definition of 'septic arthritis' by the way in which laboratory results are reported. Many laboratories in the United Kingdom express white cell counts from joint fluid using an ordinal measure such as "+", "++"… "++++". We recognise the limitations of this when making comparisons with international data, but maintain that we needed to be pragmatic in the collection of historical data. The literature to date arbitrarily designates 50 000 white cell count per cm
